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Local systems may appear to violate Bell's inequalities if they are observed through suitable filters. 
The nonlocality leading to violation is outside the system and comprises the observer comparing the 
outcomes of the typical two wing Bell experiment. An example based on a well known gedanken 
experiment by Mermin is presented, and implications for the interpretation of Bell tests are discussed. 
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I. INTRODUCTION 

Violations of Bell's inequalities^} in quantum mechan- 
ics are closely related to the measurement problem 2] 
arising from the need to somehow fix results of exper- 
iments. This is problematic if the system is in a super- 
position of states each of which corresponds to distinctive 
outcomes. Only one of the states survives, and it is not 
clear when and how this is decided. While neither the 
time nor the mechanism of this reduction or collapse is 
relevant for most practical purposes, it is of crucial im- 
portance for interpreting Bell tests. Some interpretations 
of quantum mechanics place this event late in the mea- 
surement chain, e.g. in the consciousness of the observer, 
or they omit the collapse altogether. 

This paper is motivated by a recent series of contribu- 
tions by MerminQ who argues in this direction 



If we leave conscious beings out of the picture 
and insist that physics is only about correla- 
tion, then there is no measurement problem 
in quantum mechanics. This is not to say that 
there is no problem. But it is not a problem 
for the science of quantum mechanics. It is 
an everyday question of life: the puzzle of 
conscious awareness. 



This notion can be extended to the interpretation of 
Bell tests: If violations of the famous inequalities are at- 
tributed to the observer then there is no need for nonlocal 
interpretations of quantum mechanics or of nature inde- 
pendent of any applicable theory. It should then be pos- 
sible to create violations of Bell-type inequalities also in 
classical systems by modelling a suitable observer. This 
is the purpose of the present paper which deals with ob- 
servers who perceive nonlocality in purely local systems. 



II. A LOCAL SYSTEM PERCEIVED TO BE 
NONLOCAL 

The following example demonstrates this point. It 
is closely modeled after a gedanken experiment de- 
vised by Mermin 4] to explain Bell's inequalities to non- 
specialists. Mermins model catches the essence of the 
effect and is briefly repeated below: 

A source throws two particles in opposite directions 
(left and right wings of the setup). The particles are 
captured and analyzed in independent measuring instru- 
ments consisting of an indicator lamp which can flash ei- 
ther rcd(R) or green(G) [13] and a three position switch 
(1-2-3). Switch positions are arbitrarily selected and the 
outcome (R or G) is recorded. The statistics is such that 
identical switch settings always lead to coincident colours 
of the corresponding indicator lamps, while overall the 
outcome is random, i.e. R and G appear with equal 
probability. Such a system can be realized with quan- 
tum mechanical two particle systems in the singlet state: 
The three position switch selects angles for polarisation 
detections (0°-120°-240° for spin 1/2, or 0°-60°-120° for 
photons). The red light left indicates detection parallel 
and the green light detection perpendicular (antiparallel 
for spin 1/2) to the selected polarisation angle. This as- 
signement is reversed on the right side. The statistical 
features of this experiment violate some versions of Bell's 
inequalities and can not be realized using any conceivable 
local mechanism. 

The variant I am going to discuss assigns particular 
instruction sets to each of the particles which are emitted 
from the source. The instruction set assigns colors to be 
flashed by the measurement device (R or G) to each of the 
possible settings of the switch (1-2-3). This instruction 
set reads 



Position 1: R 



Position 2 
Position 3 



G 

(R+G) 



'Electronic address: der@fh-furtwangen.de 



The last entry (R+G) means that the lamp flickers both 
red and green. Flicker seams to invalidate this as a vari- 
ant of Mermins experiment. However, we specify a pecu- 
liar observer, who is not able to resolve this flicker. He 
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perceives random nicker as just one colour, R or G. We 
further specify his perception of flicker (case 3) as follows: 

(a) If the observer watches just one wing, he perceives 

flicker as R in half of all cases, and G in the other 
half. 

(b) If the observer watches left and right wing simul- 

taneously, and the lamps in both wings flicker, he 
perceives the same colours for both wings (i.e. ei- 
ther RR or GG). 

(c) If the observer watches left and right wing simulta- 

neously, and only one lamp flickers while the other 
flashes one single color, then he will get biased in 
his perception of flicker. Flicker will now appear to 
be more like the opposite of the single color, specif- 
ically the same color will only be observed in 3/8 
of all cases. Example: The combination R on the 
left wing and (R+G) in the right wing is perceived 
as RR in 3/8 and RG in 5/8 of all cases. Note that 
this bias does not change the statistics on either 
wing, i.e. it averages to zero. 

Random permutations of the instruction table are gen- 
erated by the source, but the two particles emitted at 
each instant carry the same set. For this particular ob- 
server the experiment appears as a realization [LJ] of Mer- 
mins thought experiment. It creates the same statistical 
features as the quantum mechanical versions: 

• The same switch setting always results in coinci- 
dences. 

• Coincidences between left and right occur in 50% 
of all cases. 



Consider the instruction set above and all nine possible 
switch combinations: 



Switch 


Result 


Coincidences 


1 1 


R R 


1 


1 2 


R G 





1 3 


R (R+G) 


3/8 


2 1 


G R 





2 2 


G G 


1 


2 3 


G (R+G) 


3/8 


3 1 


(R+G) R 


3/8 


3 2 


(R+G) G 


3/8 


3 3 


(R+G) (R+G) 


1 


4.5 



Several more Bell type inequalities are violated, e.g con- 
sider the probability for anticoincidences for three cases 
of different switch settings (12,23,13) averaged over all 
instruction sets. These amount to 0.25 in each case, sum- 
ming up to 0.75. Local theories require this sum to be at 
least 1.0, etc. 

Of course, this is no refutation of Bell's conclusions 
since system plus observer as an entity do not comply 



with the locality assumption: Rule (c) above states that 
the perceived outcome of one wing depends on the out- 
come of the other. The point is that this influence does 
not occur in the system or during measurement but is lo- 
cated in the observer. Any test of Bell's inequality (suc- 
cessful or unsuccessful) has to adopt a connection of the 
supposedly independent two wings of the setup, namely 
at the moment of recognizing the correlation of the re- 
sults. This unavoidable connection suffices to establish 
the correlation. 

Obviously, this model refers to descriptions of quantum 
mechanics with superpositions of macroscopic states. It 
is the conscious observer who correlates to just one of the 
contributing states in the fashion that|j| 

even though I know that photomultiplier #1 
fired, this correlation between me and the 
photomultipliers is associated with merely 
one component of a superposition of states 
of the me-photomultiplicrs system. There is 
another component in which I know that pho- 
tomultiplier =ff=2 fired. 

By observing entangled particles in the two wing Bell ex- 
periment correlation is established by the consciousness 
which couples to the appropriate states of the combined 
mc-left-wing-right-wing system. 



III. ADDING WAVEFUNCTION COLLAPSE 

The model is able to visualize other possible interpreta- 
tions of quantum mechanics. An objective collapse of the 
wavefunction independent of the observer corresponds to 
being able to fix the perception of the flickering light 
without having seen the other. Later comparison of the 
results conflict (unless bias (c) is strong enough to change 
the memorized impressions). 

To rescue Bell's inequalities another channel for appli- 
cation of bias (c) has to be adopted in this case (following 
a proposal by Merminp|, we call this SF-mechanism). 
This channel has to transmit the result of the measure- 
ment of each wing to the place at where collapse occurs, 
and then apply the observation rules. It is not required 
to transmit the particular switch settings. Therefore, col- 
lapse or reduction of the wave function may take place 
any time later than and completely independent on the 
measurement apparatus. 

Testable consequences of the different interpretations 
arise if it is possible to fix the results at each wing prior to 
the transmission of bias via SF. We do not know exactly 
what happens to the wave function if it independently 
collapses in two different locations. It is often implicitly 
assumed that correlation will be lost (other more dras- 
tic events are thinkable), which is also the case in the 
model considered here. The finding of strong correlation 
in actual Bell tests therefore can be taken merely as a 
proof that collapse occurs after SF-synchronization. A 
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similar reasoning has been dubbed the "collapse locality 
loophole" by Kent@. 

Only by the additional assumption that collapse is in- 
stantaneous at the moment the photon enters the de- 
tector, or by the notion that measurement is completed 
after final registration of the photon [jj do we come to 
the conclusion of superluminal speeds. This assumption 
of fast collapse is not compelling. In the light of objec- 
tive theories for wave function collapseQ it may even 
be more problematic than alternative interpretations: In 
the typical two-photon-type@, |§ E3 EPR-Bohm[lJ El 
experiment we are dealing with a photodetector (e.g. 
an avalanche diode), electronics for data acquisition and 
storage. The result is fixed by writing to a memory de- 
vice. This may be a RAM-chip where fixing is accom- 
plished by charging a tiny capacitor. If we consider the 
two possible states of this combined system for detection 
of the parallel and perpendicular polarisation state, they 
do not differ appreciably in any positional coordinate of 
the apparatus' macroscopic constituents, at least not be- 
yond the 10 _5 cm given as typical dimension in collapse 
theories. The difference is due to the state of charges con- 
tributing to the current pulse which differs as the signal 
traverses the electronics. CSL0 theories come up with 
collapse rates of 10~ 8 s for 10 13 displaced nucleons, with 
the rate being proportional to the mass of the particles, 
and the square of their number. The number of parti- 
cles (i.e. the electrons contributing to the charge men- 
tioned above) involved in the case of EPR-experiments 
is likely to be smaller, they are lighter than nucleons, 



and they are not significantly displaced. It is therefor 
not straightforward to assume collapse times of less than 
IO" 6 s0, even 3 • IO" 5 s0 may be problematic. While 
parameters in collapse theories can be adjusted to yield 
faster rates, this introduces other measurable effects like 
spontaneous temperature rises [S| which have not been 
observed. Therefore, even if action-at-a-distance occurs 
during measurement of entangled states, there is little 
reason to believe in superluminal speeds. 



IV. CONCLUSIONS 

We have presented a model that accounts for viola- 
tion of Bell type inequalities for a classical local system. 
The nonlocality leading to the violation is outside the 
system and comprises the unavoidable connection of the 
two wings of the experiment by the observer comparing 
the two outcomes. The model relates to interpretations 
of quantum mechanics without collapse of the wave func- 
tion, or with observer mediated collapse. 

As a further application, collapse may be introduced 
at various stages. To preserve the statistics, results of 
both systems need to be transmitted to the location of 
the collapse, but not the particular settings of the mea- 
surement devices. It is argued that the results of current 
EPR experiments does not require this transmission to 
be fast. 
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